columns coated with RaMFab which had been purified over a Sepharose 4B immunoabsorbent column, were conjugated to cyanogen bromide-activated Sephadex G200 beads according to Schlossman and Hudson (5) . These columns specifically bind Ig + lymphocytes (4, 5) . For Ly subclass separation, approximately 100 x 106 lymph node and spleen T cells, highly purified by passage through a nylon wool column were incubated with aLy-2 (dilution 1:40) at 4°C for 1/2 h, washed twice, and passed through a 10 ml RaMFab-coated column. Cells adherent to the RaMFab column, representing some 40% of the starting population were eluted with 10 ml of normal mouse sera diluted 1:10 in phosphate-buffered balanced salt solution (BSS). (The Ly phenotypes of the effluent and eluted cell populations are shown in Table III Ly subclasses notation: Because there is no evidence so far that Ly2 and Ly3 can be expressed independently of one another, i.e. no cells of Ly-2-3 + or Ly-2+3 -phenotypes have yet been identified, there are as yet only three well-defined Ly subclasses; Lyl, Ly23, and Ly123. In the following account we used the notation Lyl to signify a population of T cells remaining after treatment with aLy-2 or aLy-3, plus C; and Ly23 to signify the equivalent population remaining after treatment with aLy-1 plus C. These selected T-cell subclasses were obtained by treatment with Ly antisera plus C, either before or after column purification of T cells; beth procedures yield T-cell subclasses with equivalent functional activities. The notation Ly-2 + is used to indicate the total population of T cells expressing the Ly-2 component, which comprises beth Ly123 and Ly23 subclasses; as for example after positive selection on immunoabsorbent columns (see Materials and Methods).
H. The Participation of Different Ly ÷ T Cells in Primary and Secondary
Antibody Responses In Vitro. Graded numbers of Lyl cells and Ly23 cells were added to a constant number of B cells, together with 3 × l0 s SRBC. After 5 days in culture, direct aSRBC PFC were enumerated. Lyl cells generated helper activity roughly comparable to the same number of the unselected T population; Ly23 cells generated no appreciable helper :activity (Table I) . Two points are noteworthy: (a) Lyl cells are the major source of helper activity in an unprimed T-cell population, and (b) the content of Lyl cells in the selected Lyl population is double that of the unselected T population, yet they have roughly the same helper activity; possible explanations include participation of some Ly-2 ÷ cells in generating an optimal primary helper response, either by cooperation with Lyl helpers, or by Ly123-*Lyl differentiation.
To measure helper memory activity, graded numbers of Lyl cells and Ly23 cells from SRBC-primed donors were added to a constant number of spleen cells and SRBC. Again, Lyl cells from SRBC-primed mice generated helper activity, but Ly23 cells did not (Table II) . Further, in this case the helper activity of selected Lyl cells, as compared with the unselected T-cell population, was substantially greater than that predictable from the twofold enrichment of Lyl cells. This increment was directly proportional to the number of SRBC used to prime the T-cell donor mice. This suggested that removal of SRBC-activated Ly-2 + cells might result in augmented helper activity. * The indicated T-cell population was added in graded numbers to 6 x 106 B cells, which in each case produced less than 50 PFC per culture alone.
III. Direct Evidence that SRBC-Activated Ly-2 + Cells Suppress the aSRBC Response.
In section II of Results we showed that removal of Ly-2 + cells from the T-cell population of SRBC-primed mice augmented the aSRBC response in vitro. One explanation for this effect is that SRBC-activated Ly-2 + cells suppress the aSRBC response. The next experiments were designed to establish the effects of adding SRBC-activated Ly-2 + cells to aSRBC cultures.
Ly-2 + cells were positively selected by preincubation of T cells with Ly-2 antisera and passage through RaMFab columns (see Materials and Methods). The effluent fraction consisted almost entirely of Ly-2-T cells while the fraction of adherent cells (after elution from the column with normal mouse [B6] serum [NMS]) consisted almost entirely of Ly-2 + T cells (Table III) . The effluent fraction of T cells from donors given 109 SRBC 5 days earlier demonstrated substantial helper activity (Table IV ). The addition of eluted (Ly-2 +) cells obtained from the same starting cell population resulted in substantial suppression of the SRBC response (Table IV) .
IV. Evidence that Ly23 Cells are a Major Source of Suppressor Activity in the Ly-2 + Population from Primed Donors.
The experiments above do not indicate whether, after antigen stimulation, Ly-2 + suppressor cells belong to the Ly23 or Ly123 subclasses, or to both. We tested whether primed Ly23 cells are suppressive by adding them in increasing numbers to cultures containing constant numbers of normal spleen cells plus primed Lyl cells. This gave proportionately increasing suppression which could not be ascribed to "crowding' because the addition of similar numbers of unselected primed T cells, or of primed Lyl cells, produced an increment in activity (Table V) . The degree of suppression obtained suggested that a substantial portion of Ly-2 + suppressive activity (section HI of Results) can be accounted for by Ly23 cells. * Ly ÷ T cells were obtained from donors primed 5 days previously with SRBC and added in the indicated graded doses to 5 × 10 e normal spleen cells (which produced between 2 and 400 PFC alone. * % Control PFC responses, (PFC experimental)/(PFC control).
V. Evidence that Suppressive Activity of Ly23 Cells, after Immunization, is
Antigen Specific. Suppression by Ly23 cells is antigen specific because the SRBC-primed Ly23 cells suppressed the response to SRBC but did not suppress the response to horse erythrocytes (HRBC), while HRBC-primed Ly23 cells suppressed the response to HRBC but not SRBC (Table VI) . When beth SRBC and HRBC were included in the cultures, Ly23 cells generally suppressed only the response to the priming antigen, although in some cases slight suppression to the secondantigen was noted, suggesting that once specifically elicited, some of the suppressive activity may be nonspecific.
SimilarJy, the enhanced response obtained after removal of Ly-2 ÷ cells from SRBC-primed T-cell populations (section II of Results) is specific because the The proportions of Thy-1 +, Ly-1 +, and Ly-2 + cells (B) were then determined by the cytotoxicity assay (see below) and assayed for function (C). The table shows that the processed cells were not sensitive to C alone (B), and retained their expected functions (C), which justifies the conclusion that overnight incubation is effective in disposing of aLy-2.2 antibody originally attached to the Ly-2 + population. * NMS + C controls (background analysis) ranged from 6 to 18% in these experiments. Interpretations: The numbers of Lyl cells contained in the unselected population (group A) are roughly equal to the numbers of Lyl cells in group B (see Table III ). Therefore, comparing groups A and B, the removal of Ly-2 + cells is seen to augment considerably the helper activity of the Lyl population. When the Ly-2 + population (group C) is recombined with the Lyl population, the helper activity of the reunited population (group D) is reduced to that of the original unselected T-cell population (group A). * T cells from SRBC-immune donors (10~). SRBC 5 days earlier were separated into Ly-2 + and Ly-2-(Lyl) fractions on immunoabsorbent columns (see Table III ) and added in graded numbers to 2.5 × 10 e normal spleen cells. response to SRBC, but not to HRBC, was enhanced after depletion ofLy-2 + cells. These findings: (a) indicate a greater degree of specificity at the suppressor cell level than at the helper cell level, where some cross-reactivity for the two antigens is present, (Table VII) ; and (b) confirm the conclusion of section II of Results, namely that the enhanced response seen aider removal of Ly-2 + cells is not due simply to enrichment of Lyl helper activity. 
VI. Suppression by Ly23 Cells In Vivo.
The data above indicate that Lyl cells help antibody responses in vitro, while Ly23 cells suppress. To test whether these observations in vitro reflect cellular mechanisms governing the magnitude of the antibody response in vivo, we tested the influence of antigenactivated Ly subclasses on antibody production in adoptive hosts. For this purpose, B mice (21 days after reconstitution) received intravenously 5 x 108 SRBC together with graded numbers of SRBC-primed Ly subclass cells. As was the case in vitro, (see section I of Results) Ly23 cells provided no help, and the aSRBC response of given numbers of primed Lyl cells alone was considerably greater than that of the same number of Lyl cells included in the unselected population (Table VIII) . In the next set of experiments, B mice received intravenously 5 × 10 s SRBC plus a constant number of primed Lyl cells, together with graded numbers of primed Ly23 cells. As was the case in vitro (see section IV of Results), the aSRBC response was progressively diminished by increasing numbers of primed Ly23 cells.
Discussion
The Ly components of the T-cell surface were used here to investigate further whether helper and suppressor activities can be assigned to distinct T-cell subpopulations. Clearly, cells of the Lyl subclass develop only helper activity after stimulation by antigen, whereas cells of the Ly-2 + subclasses, in particular Ly23 T cells, express suppressor activity (as well as cytotoxicity [4] ).
These data have two important implications: (a) The generation of T-cell suppressor activity is an invariable consequence of priming with high doses of erythrocyte antigen. (b) Immunosuppression after stimulation by antigen is mainly confined to a subclass ofT cells that also expresses cytotoxic function but is distinct from helper T cells. The fact that the degree of suppression is directly proportional to the amount of immunizing antigen also suggests that suppression normally serves to prevent excessive or unduly prolonged responses to antigen. Suppression generated after exposure to a large number of SRBC or of HRBC was highly specific, and required the presence of the priming antigen for induction. This lack of cross-reactivity between SRBC and HRBC, on the part of suppressor T cells, indicates a higher degree of specificity than that exhibited by helper T cells, where there is some cross-reactivity for the two antigens (Table  VIII and reference 6 ). However, once specific suppression was elicited by the priming antigen in vitro, there was in some instances partial inhibition of a simultaneous response to the second antigen. Whether this decreased specificity of expression is also apparent in vivo has not yet been established.
These findings, taken together with previous results, indicate that thymusdependent differentiation results in the autonomous formation of at least three functionally distinct T-cell subclasses: T helpers (TH), T cytotoxic and suppressor cells (Tcs), and early appearing or immature T cells (TE). The properties of these subclasses are summarized in Table IX .
The observation that a substantial part of suppressor activity after immuniza- Our experiments indicate that the net helper response after immunization with SRBC is determined by the relative proportions of SRBC-specific TH activity and Ts activity present in the primed cell population. This implies: (a) that the level of response to a given antigenic determinant may reflect the relative proportions of Ts and TH cells with specificity for that determinant, and (b) that unresponsiveness to a given antigenic determinant may reflect a preponderance of antigen-specific Ts cells rather than a lack of specifically reactive T~ cells. In view of recent indications that genetic unresponsiveness to antigen may in some cases be caused by preferential activation of antigenspecific Ts cells (9, 10) it is possible that at least some immune response (/r) genes may act by channeling the differentiation of antigen-reactive T-cell clones towards the TH or the Ts pathways, high-responder Ir alleles favoring the former, and low-responder alleles the latter. Summary Cells of the Lyl subclass generate helper activity in both primary and secondary responses to sheep erythrocytes (SRBC). In contrast, after priming with SRBC, cells of the Ly-2 + subclasses, in particular Ly23 cells, have suppressive activity. The degree of Ly23-mediated suppression is directly proportional to the amount of antigen (SRBC) used for priming. Suppression by Ly23 cells is specific, because Ly23 cells from SRBC-primed animals do not suppress the response to horse erythrocytes, and vice versa. Thus, both cytotoxic and specific suppressor functions are mediated by T cells of a subclass, provisionally designated Tcs, which can be distinguished from helper T cells (TH), by their Ly phenotypes. It remains to be determined whether killing and suppression are functionally interrelated properties of a single Ly23 subclass, or whether the Ly23 population comprises two subclasses whose surface phenotypes are not yet distinguishable by immunogenetic criteria.
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